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Seismic recordings of landslides caused by Typhoon
Talas (2011), Japan By Yamada, et al. (2012 in GRL)
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Fig. 1 (a) Broadband seismic records of Akatani landslide at NOKF station. The vertical
lines show the onset and approximate time of impact on the far valley wall. Original
record, high-pass filtered record at 1Hz, low-pass filtered record at 0.1Hz from the top.
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Fig. 2 Distribution of the seismic stations (triangles) and landslides (circles). Landslides

identified by seismic records are marked with white circles. The shaded colors show the
probability of the location of Akatani landslide, obtained from the back-projection
analysis. The star shows the surface location of the Akatani landslide.
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Fig. 3 Seismic records of the Akatani landslide. (a) 1-4Hz band-pass filtered records, (b)
processed envelopes for back-projection analysis. Adjacent seismograms are shown
alternatingly in black and gray for clarity. The red line shows the predicted arrival time
for the location obtained from the back-projection analysis.
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Ching-Ying Tsou, Zheng-Yi Feng, Masahiro Chigra (2011)

Sandstone

Ref: TaiwaniEWS WAV CtahVanney . : oo THghaanglefaulty



1200

o
o
0

0

400 m

\

NN
NN
,/W%/
R
N
L

A7 Anticline

sitional area .~ Fault

”//

fﬂ//

Surface
y deposits

\ &
_SSO

Surface
P

/
Pre- Landslide Post- Landslide
Mass
Silt shale
Dep

muddy Ss

.

1| B
_

.

\\\\

villagé_—

Ching-Ying Tsou, Zheng-Yi Feng, Masahiro Chigira (2011)



A SN US|

Supplementary material:

I;-Isi'ao‘lin~
Landshde_

ﬁu A PP A i it

W) ”\f.., NP —.tv‘\l,,/‘v\_rv\.\"vﬂ_m Y e e A A TA L Pa WV, N
}.,‘J\,M\wafvv'wh-'h.l‘& ma -.4\.,'.\._”‘ ""1"" A A A AT A
i

s

TR A e weA A N[ W, ",f\‘w-ﬁ‘ﬂ-w Y T T \' “ f ‘: ‘\ 'M NS ey

M"’Wh‘- AP -~’-—M‘-¢‘\; ', |‘\/‘v" f,d\—\.ﬂf«vu-wwf\h P, f\n---sﬂ |\_ ‘ —Y\&MWMM 3o
| haanet At AP sernamhrs M A A f\ "x \/ M |.dfM.r'w‘wW«~"., A MM.,\"\ |/ |fmvmmmanyeanss

-
- f o S e g A HM AL e
- ~ iwm.&mmmmﬁ ) ﬂ’ir YA A e w Ui < e cery

"m T iﬂ’avn‘ -,'-n‘? s x-q-ah!;
¥ y

‘Q, .i ,"

'.f,'-*u'nm?\ mu«m.--'w"*( ~ YR N v
Y ? I" =

S A ALY,
|' ¥ o
\’?‘?ﬁ'}&ﬁ,‘w

o ALY
L

. {PW iy’
byl
S

: ‘ o L “W '“ AR *.';_':‘.;', ' ',- y
N ‘. .u““ i l’*}-h- h‘,m',,“ iy P et s . ~ E!I
My .,,;’"‘k'.'i‘.*..'.‘.. Aat ""Q\' ':‘W"“"s' ﬁ\!m' ‘*‘ ' ‘ \"‘ s '.P et BN el” ‘\ o
e v ﬁ\l'&#"%ﬂ%“'ﬂ"m?"fég*'"\"I'.‘M*‘?’" L5 nm,wm ﬁﬁﬂ'ﬂ‘ ...(m, STa mawﬁmmti&.ﬁ%’hm'u'ﬁ#’ K
wm M : " " i/ s =) s 5
em s "' VA B e et ”‘”‘" w;«w R e ;

49 ok

“ YA r\'g"u'\ »-af‘— fv\n-'\a-v -,~“v--."-v'-\a-k Aafan
N

e
Tty

2 "‘,.-- A -‘*‘\‘ ﬂn a
Lad 'R 4 vy i .
b ,‘ 14
! --—-\,‘. -_..u_,nw“)w\_,«;‘., ,.W Al
7 M o

A

hm : ﬁﬁ&mﬁﬁmxﬁmmmgﬁmwu—p
= ADENR wwwm-« i enis L rAby "‘~v‘5 ARty O] c Ly AR T T A AR -—wlg
vawwwa At SN TG B AR A va’&ﬂ rlww}mu&w,uwﬁwf—

ime (sec) W OFF] Ref: Cheng-Horng Lin, et al. 2010

Fig. S1 Long period seismic signals generated by the Hsiaolin landslide and
recorded at all broadband seismic stations in Taiwan and Japan.
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Xiaolin LS Seismic signal at SGSB station
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Key points of the LS vibration

 The main frequency contents of the seismic
waves caused by the Xiaolin landslide were in
the range of 0.5 to 1.5 Hz.

Published in Z. Feng, Nat. Hazard Earth Sys. 11, 1559 (2011) and cited
by Petley (2013) “Characterizing Giant Landslides”, Science, DOI:
10.1126/science.1236165.
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Ekstrom and Stark (2013) “Simple Scaling of
Catastrophic Landslide Dynamics”, Science 339, 1416

Fig. 1. Landslide force history and A B (o
trajectory for the Hunza-Attabad land- 0 sce
slide. (A) Inversion of the landslide 4
force history F(f) (LFH) of this event,
pinning the time of main failure at
08:37 UT (table S1). (B) The planform
trajectory of landslide motion deduced
by doubly integrating the LFH and
scaling by the runout distance mapped
in (0). (€) Satellite-image mapping of
the landslide scar and runout. The es-
timated centers of the source (“src”)
and deposits (“dpo”) are indicated; 0 10 20 30 40 50 60 70 ® dpo
their spatial separation was used to Time [s] -800
estimate Dy, determine the effective

mass, and scale the displacement trajectory D(t).
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No. Name Date Time Location Msw  Froax Pmax AE At m D, Dn [V]max
UT UT °N °E - 10N 102kgms~!  10'3) 1012k !
t St Hele . s . . X A s . A

2 Valpola 1987/07/28 05:24 46.38 1034 54 0.543 7.03 0.497 70 0.108 469 1441 65.1

3 Kaiapit 1988/09/06 00:42 -6.12 146.30 5.3 1.470 49.10 4420 135 0.729 618 4512 67.3

4 Randa #l 1991/04/18 04:41 46.11 7.77 49 0.031 0.53 0.094 60 0.044 217 2717 12.1

5 Randa #2 1991/05/09 18:52 46.11 777 4.8 0.053 0.74 0.102 70 0.034 307 646 21.8

6 Conchut 1999/11/07 18:03 -6.41 -78.47 5.0 0.134 2.52 0.072 90 0.090 81 1219 28.1

7 Yigdng 2000/04/09 12:00 30.24 9499 55 1.020 29.00 4.120 165 0.440 955 5229 65.9

8 Mt Garmo 2001/09/02 16:57 38.79 72.08 54 0.749 16.20 1.520 80 0.284 547 2190 57.3

9 Mt Steller 2005/09/14 19:59 60.52 -143.09 5.2 0.267 6.42 1.370 110 0.081 1725 3275 79.3

10 Mt Steele 2007/07/25 00:57 61.11 -140.30 5.2 0.283 7.60 0.523 110 0.108 494 3354 70.4

|V| ora kOt 11  Hsidolin 2009/08/08 22:16 23.17 12065 5.0 0.110 2.72 0.366 110 0.060 624 2253 45.5

12 Téoyudn 2009/08/09 02:52 23.22 120.76 49 0.142 2.85 0.224 90 0.252 91 393 11.3

2 O 09 13 Fangtinshan #2 2009/08/09 09:32 22.56 120.81 5.2 0.384 6.36 0.466 100 0.134 354 1933 47.4
14 Fangtdnshan #1 2009/08/09 09:32 22.56 120.81 -- 0.058 0.72 0.043 45 0.013 337 1116 3554 14

15 uxing 2009/08/10 11:06 23.23 120.76 4.9 0.084 1.24 0.123 130 0.052 240 959 23.9
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Why PFC?



Landslide videos

*\VVideo Clip 1
* \Video Clip 2
* VVideo Clip 3




PFC simulation Only

Y-force vs time & time-frequency
analysis
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Why FLAC?



PFC and FLAC coupling for Seismic signals
of landslides
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* The simulation of PFC + FLAC
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Parametrical study

uence of particle size
uence of wall friction
uence of ball friction
uence of bonding between the particles
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parallel bond strength 4 MPa i
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A progressive failure of
rockslide video

e Zheng-vyi Feng 102/F£6 H i A JEE#E/MOV02D.MOD =
http://www.rts.ch/video/info/journal-continu/4913479-

effondrement-d-une-falaise-a-riddes-vs.html

* Frequency vs size of landslide mass

* Notice the low frequency of the
sound around 58 sec.




Particle size:1~2 m
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Particle size: 3~4 m
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* An erosion test of an artificial slope

e Partial & Preliminary results of the test on
2013/10/14 and 2013/11/05 in Huisun









* The clip of the test #1 2013/10/14

* The clip of the test #2 2013/10/14

* The clip of the test #3 2013/11/05
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The original signal of the low freq sensor

low freq_drd
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The IMF of the low freq sensor
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FFT of IMF 2 & 4 of the low freq. sensor
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Time-freq spectra of the low freq. sensor
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Spectra magnitude of 50 & 165 Hz

165 Hz
r T T T T T T T T T T T T
[ |
1 - _'\
OE I I I I I I I I I I I I
740 745 750 755 760 765 770 775 780 785 790 795 800
Time [sec]
50 Hz
5 _ T T T T T T T T T T T T .
1| ]
0oL ] ] ] ] ] ] ] ] ] ] ] ] .

740 745 750 755 760 765 770 775 780 785 790 795 800
Time [sec]



itude of 50 & 165 Hz
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Large-scale Lab Test
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Fig. 3. Illustration of the infrasonic detector structure and work process.
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— Geometry of rock avalanche vs geophysical data

— seismic and infrasound signals vs physical properties of
the mass flows
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— long-period seismic radiation vs a single force
modeling or more complex source modeling
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Thank you very much
for your attention.

Zheng-yi Feng, Ph.D., P.E.

Department of Soil and Water Conservation
National Chung Hsing University

tonyfeng@nchu.edu.tw
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